Abstract Genetic engineering of a wide variety of plant species has led to the improvement of plant traits. In this study, the genetic transformation of two potentially important flowering ornamentals, Melastoma malabathricum and Tibouchina semidecandra, with sense and antisense dihydroflavonol-4-reductase (DFR) genes using the Agrobacterium-mediated method was carried out. Plasmids pBETD10 and pBETD11, each harbouring the DFR gene at different orientations (sense and antisense) and selectable marker nptII for kanamycin resistance, were used to transform M. malabathricum and T. semidecandra under the optimized transformation protocol. Putative transformants were selected in the presence of kanamycin with their respective optimized concentration. The results indicated that approximately 4.0% of shoots and 6.7% of nodes for M. malabathricum regenerated after transforming with pBETD10, whereas only 3.7% (shoots) and 5.3% (nodes) regenerated with pBETD11 transformation. For the selection of T. semidecandra, 5.3% of shoots and 9.3% of nodes regenerated with pBETD10 transformation, while only 4.7% (shoots) and 8.3% (nodes) regenerated after being transformed with pBETD11. The presence and integration of the sense and antisense DFR genes into the genome of M. malabathricum and T. semidecandra were verified by polymerase chain reaction (PCR) and nucleotide sequence alignment and confirmed by southern analysis. The regenerated putative transformants were acclimatized to glasshouse conditions. Approximately 31.0% pBETD10-transformed and 23.1% pBETD11-transformed M. malabathricum survived in the glasshouse, whereas 69.4% pBETD10-transformed and 57.4% pBETD11-transformed T. semidecandra survived. The colour changes caused by transformation were observed at the budding stage of putative T. semidecandra transformants where greenish buds were produced by both T. semidecandra harbouring the sense and antisense DFR transgenes. Besides that, the production of four-petal flowers also indicated another morphological difference of putative T. semidecandra transformants from the wild type plants which produce five-petal flowers.
Introduction
Genetic transformation of plants involves the stable transfer of a foreign gene into the nuclear genome of the plant species under investigation. Recently, it has been used to improve the qualities of a wide variety of plant species such as ornamental plants, medicinal herbs, fruit crops, cereals and woody plants (Teixeira da Silva 2006) . In today's society, the flower industry is becoming a promising industry which contributes to a large part of the country's economy. This is because the cultivation of ornamental plants has now became a very viable and profitable commercial enterprise. In our country, Melastomataceae spp. has been identified as a potentially important flowering ornamental for commercialization. Melastomataceae spp. usually produces attractive flowers at a very young age (6-8 months from young seedlings). However, their having only a few limited flower colours reduced their commercial value (Yong et al. 2006b ). In order to improve the quality of the plants as well as to develop new varieties, genetic transformation was suggested. In this research, we aim to transform Melastoma malabathricum and Tibouchina semidecandra with sense and antisense DFR genes, to confirm stable integration of transgene by molecular analyses and to evaluate the flower colour(s) of glasshouse acclimatized putative regenerated transformants.
Melastomataceae is one of the largest families among the flowering plants and comprises approximately 4,500 species in less than 200 genera. It comprises a wide range of growth forms such as herbs, terrestrial and epiphytic shrubs, trees and woody climbers, distributed in the tropical and subtropical regions of the world (Abdullah and Yong 2007) . Examples of local Malaysian species are Melastoma malabathricum and Tibouchina semidecandra, with local names of ''Senduduk Liar'' and ''Senduduk Biru'', respectively. Melastomataceae can be recognized by their acrodromally veined leaves in which pairs of lateral primary veins run in convergent arches from the base to the leaf apex. Their flowers are bisexual, radially symmetric and diplostemonous. Their stamens often have enlarged and appendaged connectives (Clausing and Renner 2001) . Many of them have very showy flowers, but only a few have been brought into cultivation, and these are not commonly grown.
Dihydroflavonol-4-reductase (DFR) is the enzyme which catalyses the reduction of dihydroflavonols such as dihydrokaempferol, dihydroquercetin and dihydromyricetin to the respective leucoanthocyanidins in the anthocyanin pathway (Dooner et al. 1991) . The leucoanthocyanidins are substrates for the next step in the biosynthesis of anthocyanins and proanthocyanidins. DFRs in many plants are different in their substrates specificities. For example, DFR of Petunia hybrida has the highest activity with dihydromyricetin as a substrate and does not reduce dihydrokaempferol (Forkmann and Ruhnau 1987) , whereas DFR of barley reduces dihydrokaempferol as well as dihydroquercetin in vitro (Jende-Strid 1991). Petunia does not normally produce significant amounts of pelargonidin because its DFR does not reduce dihydrokaempferol (Forkmann and Ruhnau 1987) . In a previous research, the DFR gene was isolated from maize and introduced into a petunia line that accumulate dihydrokaempferol (Meyer et al. 1987) . The ability of DFR from maize to convert dihydrokaempferol to leucopelargonidin resulted in the production of a novel brick red colour in petunia flowers. However, multiple copies or additions of a limited number of gene copies may lead to the suppression of gene expression (van der Krol et al. 1990 ).
The ultimate goal of plant genetic transformation is to produce transformants capable of regenerating into whole plants and subsequently express the useful genetically engineered characteristics. Tissue culture acts as an important tool for transgenic plant regeneration after genetic transformation (Abdullah and Yong 2007) . In this research, Agrobacterium-mediated transformation of shoot and node explants of tissue cultured M. malabathricum and T. semidecandra with sense and antisense DFR genes were carried out using an optimized transformation protocol (Yong et al. 2006b ). The putative transformants were selected in the presence of kanamycin with their respective optimized concentrations (Yong et al. 2006a) . The presence and integration of the transgenes into the host genomes were confirmed by several molecular analyses and the regenerated putative transformants were acclimatized in the glasshouse.
Materials and methods

Plant materials
In vitro generated plantlets of M. malabathricum and T. semidecandra were used as sources of explants. The plantlets were maintained in fresh, half strength MS (Murashige and Skoog 1962) basal medium under 16 h light/ 8 h dark photoperiod at 25 ± 2°C. Shoots (two-leaf stage) and nodes (all three nodes counting from the apex) in approximately 0.5-0.6 cm from 6 to 8 weeks old plantlets were used as explant materials for transformation.
Plasmid DNAs
Plasmids pBETD10 and pBETD11 (Aida et al. 2000) were used in this study. These plasmids harboured the DFR gene, isolated from torenia cv. 'summerwave' and fused with E12X promoter in the sense (pBETD10) and antisense (pBETD11) orientations. The E12X is the revised CaMV 35S promoter where E12 region is the 5 0 -upstream sequence of CaMV 35S promoter (-419 to -90) 9 2 and X is the 5 0 -untranslated sequence of TMV (Mitsuhara et al. 1996) . The plasmids also contain the selectable marker nptII for kanamycin resistance in both plant and bacterial systems.
The plasmids were approximately 13 kb in size and were generous gifts from Suntory Limited, Osaka, Japan.
Agrobacterium-mediated transformation of M. malabathricum and T. semidecandra Two-leaf shoots and first-three nodes counting from shoot tips of 6-8 weeks old M. malabathricum and T. semidecandra plantlets were prepared and pre-cultured on half strength MS basal medium prior to transfer into Agrobacterium suspension. The transformation process was carried out according to the protocol optimized by Yong et al. (2006b) . After immersion in Agrobacterium suspension, the explants were blotted dry on sterile paper and transferred to the co-cultivation medium. The cultures were incubated at 25 ± 2°C under 16 h light/8 h dark photoperiod. At the end of the co-cultivation period, the explants were transferred to bacterial elimination medium (half strength MS basal medium containing 100 lg/ml cefotaxime).
Selection of putative transformants
After 1 month post-transformation, the explants were transferred to an antibiotic selection medium (half strength MS basal medium containing kanamycin with minimal inhibitory concentration) to select the putative transformants. The cultures were maintained at 16 h light/8 h dark photoperiod. The effects of kanamycin on the explants were observed according to the colour changes such as browning, yellowing and whitening. Besides that, morphological changes, growth and regeneration of the explants were also observed. After 3 weeks, the surviving putative transformants were transferred to fresh regeneration medium (half strength MS basal medium supplemented with 9 lM of BAP) and cultured at 16 h light/8 h dark photoperiod.
Polymerase chain reaction
Transformed tissues that were able to regenerate and grow in medium supplemented with kanamycin were used for genomic extraction and amplification by PCR with specific primers as shown in Table 1 using the standard protocols (Sambrook and Russell 2001) to determine the presence of the transgenes in the plant genomes. PCR was performed using a Mastercycler Gradient (Eppendorf, Germany) machine. All the amplifications were carried out in 25 ll reaction volume containing template DNA (100 ng genomic DNA or 10 ng plasmid DNA), PCR buffer (10 mM Tris-Cl, 50 mM KCl and 0.8% Nonidet P40), dNTP mix (200 lM each), 1.5 mM MgCl 2 , 15 pmole primer each, and 5 U taq DNA polymerase. For the DFR gene, the PCR condition was set for an initial denaturation step of 5 min at 94°C and subsequently 40 cycles of denaturation (94°C, 60 s), annealing (65°C, 60 s) and elongation (72°C, 90 s) followed by a final extension step of 10 min at 72°C. For the nptII gene, the PCR condition was carried out with an initial denaturation step of 5 min at 94°C, followed by 35 cycles of denaturation (94°C, 30 s), annealing (55°C, 30 s) and elongation (72°C, 30 s) and a final extension step of 10 min at 72°C.
Nucleotide sequence alignments and database searches
The successfully-amplified DFR gene was extracted from the agarose gel using QIAGEN Gel Extraction Kit according to the supplier's protocol. Approximately 40 ng/ll extracted PCR products, with 10 pmole/ll of the specific primer, were sent for sequencing at Medigene Malaysia using the Automated Fluorescence DNA Sequencing Reaction System. Nucleotide sequences were compared with the GeneBank database of the National Center for Biotechnology Information (NCBI) at www.ncbi.nlm.nih.gov/BLAST/.
Southern blot analysis
The genomic DNA from PCR positive transformants were subjected to enzymatic digestion. The DNA fragments after gel separation were blotted onto nylon membrane (Hybond N?; Amersham-Pharmacia) via capillary action in a transfer buffer according to the protocol described by Southern (1975) . The DNA fragments were immobilized on the membrane by UV cross-linking using a UV Stratalinker 1800 machine (Stratagene, USA) and hybridized with a probe at 68°C in the Hybridizer 600 machine (Stratagene, USA). The stable and highly-biotinylated probes which serve as the primers for hybridization to the target DNA were generated using the NEBlot Phototope Kit (New England Biolabs) according to the manufacturer's instructions. Subsequently, the chemiluminescent detection was carried out as described in the protocols provided in the Phototope-Star Detection Kit (New England Biolabs).
Glasshouse acclimatization of putative regenerated transformants
For glasshouse acclimatization, putative regenerated transformants were removed from the tissue culture flasks, washed to remove all the adhering gelling materials, and then planted in a basin containing unsterilized soil which consisted of 3 parts peat: 2 organic matter:1 sand (Janna et al. 2005) . The soil used for acclimatization should be moist and the plantlets were kept moist by spraying with water during the transplanting process. The basin was then covered with a transparent plastic sheet and maintained under 70% shade in the glasshouse for 14 days before the plantlets were transferred to thumb pots. In the glasshouse, normal, non-transformed tissue cultured plantlets of M. malabathricum and T. semidecandra usually take 6-8 months to reach maturity and produce flowers. The flower colour(s) and morphological changes of the regenerated putative transformants were evaluated.
Results and discussion
Selection of putative transformants
According to Yong et al. (2006a) , selection of putative M. malabathricum shoot and node transformants were carried out at 500 and 400 mg/l kanamycin, respectively.
Meanwhile, 400 and 300 mg/l kanamycin were used to select the putative T. semidecandra shoot and node transformants, respectively. Ten replicates with 30 candidates per replicate for each explant were transformed with plasmids pBETD10 and pBETD11 harbouring the DFR gene in the sense and antisense orientations, respectively. The results of the survival and regeneration of the putative transformants in kanamycin selection are shown in Fig. 1 . During the selection of putative M. malabathricum transformants, 9.0% shoots and 13.7% nodes survived in the pBETD10 transformation. However, only 4.0 and 6.7% of them regenerated. In pBETD11 transformation, 7.7% M. malabathricum shoots and 11.3% nodes survived on the selection plates whereas only 3.7 and 5.3% of them regenerated (Fig. 2a, b) . For the selection of putative T. semidecandra transformants, 10.3% shoots and 15.7% nodes survived in the pBETD10 transformation where the percentages of their regeneration were only 5.3 and 9.3%, respectively. In pBETD11 transformation, 9.3% T. semidecandra shoots and 14.7% nodes survived with only 4.7 and 8.3% regeneration, respectively (Fig. 2c, d ). The untransformed explants were used as positive and negative controls.
Previous researches found that prolonged high concentrations of antibiotic selection affected regeneration of orchid (Kuehnle and Sugii 1992) and cassava (Munyikwa et al. 1998) transformants. The growth of the explants under selection may be retarded as typified by the morphological changes of the transformants. Kikkert et al. (1996) also reported such negative effects of kanamycin selection on their transgenic grapevine plantlets. However, the antibiotic selection system had been used successfully to select putative transformants (Tee and Maziah 2005; Wang et al. 2005; Nakamura and Ishikawa 2006) . Figure 2e -h shows the putative M. malabathricum and T. semidecandra transformants which survived and regenerated on the regeneration medium after 6 weeks of kanamycin selection. 
Polymerase chain reaction
Ten genomic samples were randomly selected from each category of kanamycin resistant plantlets (M. malabathricum and T. semidecandra transformed with pBETD10, and M. malabathricum and T. semidecandra transformed with pBETD11) and subjected to PCR analyses for amplification of the DFR transgene. Figure 3a shows the result obtained from the PCR analysis of the DFR gene in the putative pBETD10 and pBETD11 transformants. Both the M. malabathricum and T. semidecandra transformants showed successful amplification of the DFR transgene. However, some of the samples showed negative results in the analyses. This may be due to the possibility that the putative transformants lost the transgene when the selective pressure was gradually lifted. They were also probably escapees on the kanamycin selection medium as were similarly observed by Witrzens et al. (1998) and Kuvshinov et al. (1999) . Untransformed plants were used as controls where no bands were amplified in the PCR analyses.
The same genomic samples of the putative pBETD10 and pBETD11 transformants as above were also subjected to PCR analysis for the nptII gene and the results are shown in Fig. 3b . Both M. malabathricum and T. semidecandra transformants showed co-integration of the nptII gene in their genomes. However, the negative candidates for PCR analysis of the DFR gene also showed negative results in the amplification of the nptII gene although they survived in kanamycin selection. They were probably chimeric for the expression of the nptII gene in the transformants. Torbert et al. (1995) also reported the observation of chimerics for nptII gene expression in oat transformation. No band was amplified in PCR analyses of the nptII gene for the untransformed plants.
Further analyses revealed that the nptII gene cointegrated with the DFR gene in all the randomly selected putative transformants. The usefulness of the Agrobacterium-mediated method in delivering foreign DNA into target tissue was found to be greater than microprojectile bombardment as evidenced by the fact that the use of microparticles in the biolistic device tended to promote the breakage of the phosphodiester bonds in DNA (Krysiak et al. 1999) . Moreover, the blasting force from the helium shock wave may also break the DNA molecules prior to transforming into the target tissues which subsequently reduces the effectiveness of transformation.
Nucleotide sequence alignments and database searches
To further confirm the presence of the DFR transgene in the putative transformants, the amplified PCR products from randomly selected genomic samples were sent for nucleotide sequencing. The respective sequences obtained were then compared with the GeneBank database of the National Center for Biotechnology Information (NCBI) at www.ncbi.nlm.nih.gov/BLAST/ using the BLASTN 2.2.14 and BLASTX 2.2.14 algorithm softwares. All the sequenced DNA fragments were highly identical with torenia DFR gene (M. malabathricum transformed with pBETD10: 98%; M. malabathricum transformed with pBETD11: 100%; T. semidecandra transformed with pBETD10: 98%; T. semidecandra transformed with pBETD11: 99%) which indicated that the amplified DNA fragments corresponded to the DFR transgene. However, the N signals, due to inaccuracy of the sequencing reaction system, had reduced the percentages of transgene similarity (\100%).
Southern blot analysis
Further verification of transgene integration in putative transformants was carried out by Southern blot analysis (Fig. 4) . The randomly selected genomic samples were digested with MboI and transferred to a nylon membrane for transgene detection. The coding region of the torenia DFR gene was used as a probe. Positive hybridization signals were observed in the putative transformants whereas the signal was absent in untransformed DNA sample. However, double bands were observed in DNA samples of M. malabathricum transformed with pBETD10 and T. semidecandra transformed with pBETD11. These may be due to the presence of two transgene loci which suggested that T-DNA was integrated into the plant genome at different integration sites. In previous research, Aida et al. (2001) also reported the multiple transgene loci affected the wavy pattern of transgenic flowers in torenia plants.
Glasshouse acclimatization of putative regenerated transformants
Three replicates with a total of 20 candidates for each type of transformants were acclimatized. Some of the candidates did not survive during the acclimatization stage. This may be due to environmental factors such as temperature, humidity and light intensity, which are known to affect the growth and survivability of tissue cultured plantlets (Janna et al. 2005 ). Figure 5 shows the survival rates of acclimatized plantlets under glasshouse conditions. For M. malabathricum plantlets, the result indicated only 31.0% pBETD10 transformants and 23.1% pBETD11 transformants survived. Meanwhile, acclimatization of T. semidecandra showed higher survival rates with 69.4% for pBETD10 transformants and 57.4% for pBETD11 transformants. According to Ghashghaie et al. (1992) , rooted plantlets have to undergo changes of trophic status (from heterotrophy to autotrophy) and water status (from high to low relative humidity) upon transfer from in vitro conditions to the glasshouse. Fila et al. (1998) reported that water uptake by roots rather than water loss from the shoots would be of primary importance for the maintenance of water balance during acclimatization. Grout and Aston (1977) also reported that water loss was related to the lack of epicuticular wax, low level of photosynthesis and incomplete vascular development between the roots and shoots, which resulted in aeropetal water transfer restriction, subsequent desiccation and death.
The acclimatized putative transformants were maintained under glasshouse conditions until flowering assessment could be made. After 8 months post-acclimatization, only putative T. semidecandra transformants (both pBETD10-and pBETD11-transformed candidates) attained maturity and flowering stage. This may be due to the lower survival rate accompanied by the slow growth of M. malabathricum transformants compared with T. semidecandra under glasshouse conditions. However, this phenomenon implied that the flowering status of the putative transformants was not affected following the transformation events. In torenia transformation as reported by Aida et al. (2000) , transformants were grown in vitro until flowering before being transferred to the glasshouse for further investigation.
From our observation, there were no obvious differences in flower colour between the putative transformants and the wild type plants. The colour changes were only observed at the budding stage where both transformants harbouring the sense and antisense DFR transgenes produced greenish buds compared with the same age reddish buds of the wild type plants (Fig. 6a-c) . This may be due to the reduction of anthocyanin content during bud development in the transformants. Both the sense and antisense transgenes were found to play important roles in gene suppression, resulting in the reduction of the flower pigments in the modified torenia flower colour (Aida et al. 2000) . Moreover, the sense and antisense genes were found to produce different modification patterns of flower colour as reported by Jorgensen et al. (1996) . They revealed that the sense gene produced more pattern changes in the petal colour than the antisense gene.
Another morphological difference also emerged when the four-petal flowers were produced by T. semidecandra transformants compared with the wild type plants, which typically produced five-petal flowers (Fig. 6d-f) . Kim et al. (1999) reported changes in the shapes of the leaves and flowers upon overexpression of the ROT3 gene in Fig. 5 Survival rates of acclimatized plantlets under glasshouse conditions. A total of 20 candidates for each category of transformants were transferred to the glasshouse. Error bars correspond to the standard deviation (n = 3) Fig. 6 Comparison of buds (4 days old) colour and flower petal numbers between T. semidecandra transformants and wild type plants. a, d pBETD10-transformed candidate; b, e pBETD11-transformed candidate; c, f wild type plant Arabidopsis transgenics. Besides that, Choi et al. (2000) also reported the incidence of chromosomal variations due to the additional stresses that occur during transformation which subsequently resulted in phenotypic abnormalities of the transgenic plants. However, Weld et al. (2001) reported that the T-DNAs can be lost during the growth of somatic cells. Cell death and gene silencing were more critical barriers to the recovery of stably expressing transformants than the lack of T-DNA integration in the cells competent for DNA uptake.
In our study, the introduced DFR transgenes failed to express the proteins associated with the production of novel flower colour in transformants as suggested. This transgene silencing phenomena may be due to the following discussed factors. Even, with careful planning in choosing the right DNA construct that has reasonable chance of being expressed in the plant species, sometimes the construct may be expressed in unexpected ways after introduction into a different host plant (Sandmann 2001) . Besides, the expression level of a transgene may vary among transformants, which could be influenced by the number of integrated copies of the gene or by its integration position in the host genome. Silencing can occur if a particular mRNA species is not synthesized and thereby expression is blocked at the transcriptional level (Kooter et al. 1999) .
Conclusion
Further analyses of the flower(s) produced by the acclimatized Melastomataceae transgenics are highly recommended. Molecular analysis including RT-PCR is suggested to demonstrate the integration and functionality of the transgenes in their new host. Histochemical study is also recommended to investigate the morphological changes occurring within the transformants. Besides, extraction and quantification of anthocyanins and flavones are suggested to monitor the expression patterns of the colour pigments in transformed flower(s). A better understanding of the processes involved in T-DNA expression and stabilization could provide the basis for new strategies to improve the efficiency of plant transformation events. In recent years, plant genetic engineering has produced revolutionary results in agriculture. It has been utilized in many different ways to increase the qualitative and quantitative yield of crop plants, to enhance protection against pests, and to produce sustainable raw materials for industry and pharmaceutical purposes. With the establishment and optimization of the Agrobacterium-mediated transformation system for M. malabathricum and T. semidecandra, further transformation work is suggested. The other economically important genes such as the dwarfism gene and the fragrance gene are recommended to be transformed into M. malabathricum and T. semidecandra in order to improve their qualities and values as ornamental plants. However, the introduction of transgenic cultivars requires a risk analysis. Each plant licensed for cultivation has to be analysed according to strict scientific criteria as to whether the corresponding plant represents a hazard to the environment or to human health. Besides, the possibility of crossing between the released transformants and wild plants has to be examined and the potential consequences for the environment have to be investigated.
